Purpose A pilot study to determine the prevalence of myopia, proportion of uncorrected myopia and pertinent environmental factors among children in a suburban region in Canada. Methods Refraction with cycloplegia and ocular biometry were measured in children of two age groups. Myopia was considered at a spherical equivalent refraction (SER) ≤−0.50 D in at least one eye. Parents completed a questionnaire that captured the child's daily activities. Results A total of 166 children completed the study (83 aged 6-8 and 83 aged 11-13). Myopia prevalence was 17.5% among the overall group, 6.0% among ages 6-8 and 28.9% among ages 11-13. Mean subjective SER in myopic children was −1.10 D (95% confidence interval (CI), −0.34 to −1.86 D) at ages 6-8 and −2.44 D (95% CI, −1.71 to −3.18 D) at ages 11-13. In this study, 34.5% of the myopic children were uncorrected, which represented 6.0% of the entire group of children. Mean axial length (AL) increased by 1.03 mm from ages 6-8 (mean 22.62 mm; 95% CI, 22.45 to 22.79 mm) to ages 11-13 (mean 23.65 mm; 95% CI, 23.45 to 23.84 mm; p < 0.01). The correlation coefficient between AL and SER was −0.618 (p < 0.01). Binary logistic regression between outdoor time and the prevalence of myopia showed that one additional hour of outdoor time per week lowered the odds of a child having myopia by 14.3% (p = 0.007). Conclusion Myopia prevalence increased from 6% at ages 6-8 to 29% at ages 11-13. Thirty-five per cent of the myopes in this study were uncorrected. More time outdoors may be beneficial to protect against myopia onset.
Introduction
Myopia or nearsightedness is a common refractive error seen worldwide and has increased over the last few decades [1, 2] . Prevalence of myopia among adults in the United States increased by nearly 17% from 1972 to 2004, and similar increases were found in Taiwan over a time span of only 20 years [1, 3] . The prevalence of myopia in 5-17 year olds in the USA is~9%, ranging from 4 to 19% depending on the ethnic background [4] , and is almost 50% for 20-39 year olds [5] . Prevalence of myopia is 14% in Ireland and 13% in Australia among 11-17 year olds [2, 6] . In the same age group, East Asia has significantly higher rates of myopia, reaching 49% in China [7] , 63% in Hong Kong [8] and a prevalence up to 95% among university students in China [9] .
There is still no conclusive evidence to define the roles of genetic and environmental factors on myopia development. Strong associations between parental myopia and myopia development in children have been published [10, 11] , and factors such as time spent studying, watching TV, using computers and physical activities outdoors have been reported to have possible environmental influences on myopia [12] . Conversely, studies from China and Australia found a weak or absent association between prolonged near work and myopia progression [6, 13] . Besides attempting to control these modifiable environmental risk factors, much of the current myopia control research focuses on slowing the progression of myopia by halting ocular axial length growth, using optical or pharmaceutical methods [14, 15] .
Increased incidence of myopia comes with a heavy economic burden. The annual cost of vision loss in Canada was estimated to be $15.8 billion in 2007 [16] , with refractive error accounting for >60% of health system expenditures. The increased number of high myopes with a refractive error of more than −5.00 D resulted in an increase in related pathological complications such as myopic retinopathy, retinal detachment and glaucoma [17] . In the Rotterdam eye study, myopia was identified as the most important cause of impaired vision in persons under the age of 75 [18] . Of further concern is that the onset of myopia has shifted to a younger age [2, 3] . Among children aged 6-7 years old, the prevalence was 2% in Ireland and Finland, and 6% in China [2, 7, 19] . The early onset of myopia means these young eyes will spend more time during the rapid progressive phase of myopia development in childhood, leading to possibly even higher degrees of myopia than currently observed, and potentially more visiondebilitating diseases related to high myopia in later life.
The population of Canada is growing by nearly 3 million people every 10 years, primarily due to immigration [20] . More than two-thirds of the immigrants originate from countries with a high prevalence of myopia, including East Asian countries and Europe [21] . Previous prevalence research in Canada was limited to retrospective chart reviews, studies involving only clinic patients and some without cycloplegic accommodative control [22] [23] [24] . This study is the first population-based study designed to examine myopia prevalence in Canadian school-aged children.
Methods

Participant recruitment
This study was a cross-sectional myopia prevalence study targeting two age groups. The age groups targeted for enrolment were school children in grades 1 and 2 (age 6-8), and grades 6 and 7 (age [11] [12] [13] . In all, 165 elementary schools in the Waterloo Region were randomly selected and contacted for the study, out of which 10 gave permission to carry out the study at the school. All children in grades 1-2 and 6-7 during the 2014-2015 academic year were invited to participate, and the combined population in those two age groups was 1526. The 10 schools that agreed to participate were geographically spread out throughout the sub-areas of the Waterloo Region, and there is no distinct difference between populations in these schools and the rest of the 165 schools based on available public records. Parents provided written informed consent and the child provided assent prior to any study procedures being undertaken. Children were screened at the schools and the exclusion criteria used were as follows: previous refractive surgery or orthokeratology; known sensitivity to diagnostic pharmaceutical drops used in the study; serious medical disorders; and abnormalities such as amblyopia and cataract.
Approval of this project was granted through the Office of Research Ethics at the University of Waterloo, and through the research committees of the local district school boards. Each school principal also approved the study prior to participant recruitment. All procedures adhered to the Declaration of Helsinki.
Definition of myopia
Spherical equivalent refraction (SER) was used to report refractions in this study, which is the sum of the spherical value plus half the cylindrical value. Myopia was defined as having a cycloplegic subjective SER more minus than or equal to −0.50 D in at least one eye. This definition is the same as that used in previous paediatric myopia prevalence studies [25, 26] .
Measurements
This study included up to two study visits. The first visit was completed at the schools, at which testing was undertaken without cycloplegia. The participants who had a subjective SER ≤−0.50 D in at least one eye at the first visit were invited to a second study visit at the Centre for Ocular Research & Education, where their refraction was repeated under cycloplegia. The aim of the second visit was to measure the cycloplegic refractive error and identify any false positives who were myopic in the first visit due to accommodative spasm. The following measurements were captured at the first visit: automated refraction using RetinoMax K-Plus handheld autorefractor (Nikon Corp. Tokyo, Japan); subjective refraction using trial lens set (B&H Optical, Belleville, Canada); visual acuity using ETDRS chart (Precision Vision, IL, USA); and ocular biometry using IOLMaster (Carl Zeiss Meditec, Jena, Germany). At least eight measurements per eye were made with the autorefractor, and an average of the measurements was automatically calculated. Acuity was measured at 4 m, which is the manufacturer-specified distance for the chart used. Minus power was only increased during subjective refraction if the participants' acuity improved by three or more letters. The IOLMaster uses partial coherence interferometry to measure the axial length of the eye, and dual mode was selected to include keratometry (K; aka: central corneal curvature). Average K was calculated by adding half of the difference between flat and steep K to the flat K value. The autorefractor and IOLMaster were both calibrated using their respective model eye on each day of measurement.
At the second study visit, cycloplegia was achieved using a protocol described and validated by Egashira et al. [27] . The eyes were first anesthetised using one drop of 0.5% proparacaine hydrochloride (Alcaine, Alcon) instilled in both eyes. After 1 min, one drop of 1% Tropicamide Ophthalmic Solution USP (Mydriacyl, Alcon) was instilled.
After 5 min another drop of 1% Tropicamide was instilled. After waiting 25 min following the last drop instillation, autorefraction was measured three times per eye using a table-mounted KR8800 auto-refractometer (Topcon Corp. Tokyo, Japan), and an average of the three measurements was automatically calculated. Subjective refraction and ocular biometry were then repeated with a phoropter and IOLMaster.
Questionnaire
Two to three weeks before the initial tests at the schools, child activity questionnaires were distributed in class. Parents completed these questionnaires and returned them to the research centre before testing took place. Parents were asked about specific child activities that may be an environmental influence on myopia development. Questions included the number of hours the child spent per week on reading, watching TV, using a computer, indoor sport activities and outdoor activities. Parents were asked to identify whether one or both parents were myopic. At the start of testing at the schools, children were asked whether they currently wear glasses or contact lenses to correct refractive error.
Statistics
A double data entry system was used and any inconsistencies or data outside the expected range were checked against source documents. Data analysis was conducted using Statistica 13 (Dell Inc., USA) and SPSS (IBM, Inc., USA). Descriptive statistics (mean and SD) were conducted for age. Mean and 95% confidence interval (CI) were reported for refractions, corneal curvature and axial length in the more myopic eye in each age group. A twosample independent t-test was used to compare refraction and axial length of the two age groups recruited in the study.
Environmental factors that may affect myopia development such as reported time spent on school work, reading, watching TV, computer use, outdoor and indoor sports were analysed using simple binary logistic regression. These factors were also analysed for their correlation with SER. The percentage change in odds of having myopia was calculated by subtracting Exp(B) from the value 1.00 (the exponent beta coefficient is taken from the SPSS output of the linear regression). The difference represented the percentage change in odds of having myopia per 1 unit increase in one of the environmental factors. Correlation between axial length and SER was determined using Pearson product-moment correlation in Statistica. All statistical tests were two-sided, and a p-value of ≤0.05 was considered significant.
Results
In total, 174 children were enroled, of which 1 was excluded due to a previous history of amblyopia. Seven children were later discontinued from the study due to apprehension about eye drops or they were lost to follow-up. Data from 166 participants who completed the study were analysed. Equal numbers of children from the two targeted grade groups participated (83 participants from grade 1-2 and 83 participants from grade 6-7). There were also similar numbers of males and females in the study (82 males and 84 females). The study population was 80.1% Caucasian, 6.6% East Asian, 4.8% South Asian, 0.6% African American and 7.1% with mixed ethnic background or other not specified background. The mean ± SD ages were 9.6 ± 2.5 years for the overall study population, 7.2 ± 0.6 for grade 1-2 (ages 6-8 group) and 12.1 ± 0.6 for grade 6-7 (ages 11-13 group).
The overall prevalence of myopia in the study population was 17.5% (95% CI, 11.7-23.2%). The prevalence of myopia in children aged 6-8 was 6.0% (95% CI, 0.9-11.1%) and in children aged 11-13 was 28.9% (95% CI, 19.2-38.7%). Prevalence in male students was 4.7% in ages 6-8 and 28.2% in ages 11-13. Prevalence in female students was 7.5% in ages 6-8 and 29.5% in ages 11-13. Out of the 29 participants who were myopic in the study, 10 were uncorrected prior to the study, which amounted to 34.5% of the myopic children or 6.0% of the overall group.
In the older children, in addition to a higher prevalence of myopia, the degree of myopia was also greater. When data from the more myopic eye (or the least hyperopic eye) of all children were examined, mean subjective SER for 6-8 year olds was +0.18 D (95% CI, 0.00 to +0.36 D) and mean SER for 11-13 year olds was −0.58 D (95% CI, −0.93 to −0.22 D). This difference was statistically significant (p < 0.001).
For children who met the definition of myopia, the mean subjective SER was −1.10 D (95% CI, −1.86 to −0.34 D) in children aged 6-8, and −2.44 D (95% CI, −3.18 to −1.71 D) in children aged 11-13. The difference of −1.34 D between the two groups was not statistically significant (p = 0.104), however the statistical insignificance may have been a type 2 statistical error due to the small sample size.
Six child activities were analysed for their effect on the odds of myopia. Outdoor time was the only statistically significant factor, with one additional hour of outdoor time per week lowering the odds of myopia by 14.3% (odds ratio (OR), 0.857; 95% CI, 0.766-0.959; p = 0.007). School work, reading for pleasure, watching TV and using a computer correlated negatively with SER, but were not statistically significant. Indoor sport activities correlated positively with SER but this was also not statistically significant. Aside from these environmental factors, parental myopia had a strong influence on the child's refractive error. Children were 2.52 times more likely to be myopic if at least one parent had myopia, compared to children with two non-myopic parents (OR = 2.524; 95% CI, 1.078-5.912, p = 0.033).
Overall, the mean axial length was 22.62 mm (95% CI, 22.45-22.79 mm) in children aged 6-8, and 23.65 mm (95% CI, 23.45-23.84 mm) in children aged 11-13. The difference was statistically significant, p < 0.001. Among the myopic children, mean axial length was 22.95 mm (95% CI, 22.39-23.50 mm) for the 6-8 year olds, and 24.29 mm (95% CI, 23.97-24.61 mm) for the 11-13 year olds. The difference was also statistically significant, p < 0.001. Axial length correlated negatively with SER (r = −0.618, p < 0.001), meaning with a longer axial length, SER became more negative (more myopic).
Central corneal curvature or keratometry (K) for females was steeper for both age groups. 
Discussion
Fewer than 14% of children in Canada under age 6 have had eye examinations by an eye care practitioner [28] , yet according to our study findings, more than one in six children between age 6 and 13 are myopic. Comparing these pilot data to other studies with similar definition for myopia and age group, we found a higher prevalence of myopia (17.5%) than reported in the USA (9.2%) [4] , but less than that reported in Korea (46.5%) [29] . Generally, myopia in children is more prevalent in East Asians, with 38.1% reported in southern China [7] , 63.3% in Hong Kong [8] and 30% in Taiwan [30] . The high prevalence in Eastern Asia can be contrasted with 9.9% in Finland [19] , 12.8% in Australia [6] and 14.6% in Ireland [2] .
In this study, a child was categorised as having uncorrected myopia if he/she was found to have myopia (≤−0.50 D SER) in at least one eye but did not have spectacles or any other refractive correction prior to enrolment into the study. Using this definition, 34.5% of the children deemed myopic in this cohort were found to be uncorrected, which represented 6.0% of the overall group of children tested.
In our study, myopia prevalence increased significantly with age from 6.0% in children aged 6-8 to 28.9% in children aged 11-13. Other studies found myopia further increased in prevalence from age 14 and onwards: in Ireland prevalence increased from 1.9% in ages 6-7 to 14.6% in ages 12-13 and later to 18.6% in ages 18-20 [2] . The global prevalence of myopia is estimated to have increased from 14% in ages 10-14 to 37% in ages 20-24 [31] , and the prevalence is 47.2% in Europe for those aged 25-29 [32] . In this study, although the increase in SER from the younger age group to the older for the total sample was significant, the increase in myopia among myopic children by −1.34 D from the 6-8 year olds to the 11-13 year olds was not significant. We propose that the disparity between these results is because of the considerably smaller sample of myopic children and relatively large and overlapping confidence intervals, suggesting that the increase in myopia will be significant with a larger sample. This is demonstrated in the total sample.
A previous Canadian study reviewed paediatric patient charts from 2007 at a teaching clinic, and found myopia prevalence to be 13.6% in 5-10 year olds and 42.2% in 10-15 year olds [23] . Another Canadian study reviewed patient charts (only Chinese-Canadian children) from 2003 at a private practice in Mississauga, ON, and found myopia prevalence increased from 22.4% at age 6 to 64.1% at age 12 [24] . These two studies were on clinical populations presenting for examination and thus the prevalence would be expected to be inflated compared to this study, which sampled participants from the general population of schoolaged children. However, the sample size in our study was small compared to other prevalence studies, and this limited our ability to narrow the CI of the results. For future studies, a larger sample size would require new public health policies to allow vision testing of every child in a particular grade in schools.
Time spent outdoors was the only surveyed child activity that correlated with refraction by regression analysis, exhibiting a weak statistically significant correlation (r = 0.264, p = 0.001). There were no significant associations between indoor sports and myopia, so it was time spent outdoors rather than actually playing sports, which appeared to have an impact on myopia development. In this study, every additional hour spent outdoors per week was found to lower the odds of myopia development by 14.3%. Studies in Australia, China and Ireland reported similar results, where more outdoor activities were found to reduce the prevalence of myopia [6, 33, 34] .
When at least one parent was myopic, the child was 2.52 times more likely to develop myopia compared to a child with two non-myopic parents. This predictive value indicates that genetics continue to play an important role in the development of myopia. These results indicate that it is a combination of both genetics and the child's environment that determines the final visual outcome [29, 33, 35] .
Axial length was negatively associated with SER (r = −0.618, p < 0.01), demonstrating that longer axial length was associated with higher myopia. Females had shorter axial length compared to males (Δ = −0.36 mm, p = 0.019), but there was a trend of more myopic SER in females (Δ = −0.23D, p = 0.275). This discrepancy can be partially explained by females having a steeper corneal curvature (Δ = 0.86D, p < 0.001). Axial length increased from the younger group of children to the older group (Δ = 1.03 mm, p < 0.01), therefore slowing the increase in axial length appears to be an obvious target for therapy to slow the development of myopia. The exact mechanism behind abnormal myopia-inducing axial length growth is still unknown and remains an active research area [14, 15] .
Ongoing prevalence studies in key Canadian locations are recommended, as Canada has a unique and dynamic demographic that is different from the neighbouring USA, which has a higher percentage of African American, Hispanic and Latino populations [36] . The demographics of the population in this study (Waterloo Region) was comparable to that of Canada from a recent census [37] . For example, while the study population contained 81.0% Caucasians and 6.6% East Asians, the reported Canadian population contained 80.9% Caucasians and 5.7% East Asians. Larger national studies should include children living in urban and rural areas, and cover different provinces for a better representation of myopia prevalence in school children across Canada.
Understanding the current prevalence of myopia allows us to raise awareness and educate communities at local, provincial and/or federal levels. This knowledge may further be used to estimate the financial burden for vision correction and pathological complications associated with high myopia. While there are no currently approved methods to reduce existing myopia, numerous studies are currently investigating options to slow the progression of myopia using various pharmaceutical and optical treatment methods [14, 15, 38] .
Conclusion
This pilot study estimated myopia prevalence to be 6.0% in ages 6 through 8, increasing to 28.9% in ages 11 through 13 in the Waterloo Region. In total, 6.0% of the children tested had uncorrected myopia. Time spent outdoors was the only child activity to have a significant impact on myopia, and one additional hour of outdoor time per week lowered the odds of having myopia by 14.3% in the age groups investigated in this study. When at least one parent was myopic, the child was 2.52 times more likely to develop myopia compared to a child with two non-myopic parents. Axial length increased as myopia increased and is therefore a good target for intervention and control of myopia development. These study results have many potential implications for academic researchers, educators and healthcare policy makers, and to our knowledge, this pilot study is the first of its kind studying the general population of school-aged children in Canada. Larger national studies would be able to extract more detailed information on various age and ethnic groups and provide evidence based recommendations to the general public and healthcare stakeholders.
Summary
What was known before Myopic prevalence increased in the USA and Europe over the past few decades and higher prevalence of myopia is reported in Asia. Environmental and genetic factors may be associated with myopia development. High myopia comes with heavy economic burden.
What this study adds
Myopia prevalence was 6.0% in ages 6 through 8, increasing to 28.9% in ages 11 through 13 in the Waterloo Region in Canada. Six per cent of the children tested had uncorrected myopia. More time spent outdoors lowered the odds of having myopia. Child with myopic parents were more likely to develop myopia. Axial length increased as myopia increased.
